This observation would not have been possible without the development of the frequency locked-loop readout scheme [7] and the development of resonators with low intrinsic loss tangent, the latter is necessary to make the resonator frequency insensitive to temperature fluctuations which would otherwise mask the effect. The use of a feedback enables measurements for long time scales -opening up the low frequency end of the noise spectrum. In this work we elaborate on the observation of flicker noise in superconducting resonators, and explore its dependence on measurement parameters, specifically the ap plied microwave drive, allowing saturation of resonant TLFs.
. The main reason for the interest in this problem is its relevance to superconducting qubits where e.g. loss in shunting capacitors limit the qubit coherence time [4] . Traditionally, dielectric loss is understood using the model of microwave absorption in glasses, where the loss is parameterized by a bath of two level f1uctuators (TLFs) [5] [6] . It has long been known that a fluctuating two level system (TLS) can produce a random telegraph signal which leads to flicker (8 = 1/ r where a=l) noise [9] , this was also demonstrated for a coherent TLS [lO] . While flicker noise is commonly seen in charge sensitive devices, it was not seen in superconducting resonators [11] [12] until recentiy [8] .
This observation would not have been possible without the development of the frequency locked-loop readout scheme [7] and the development of resonators with low intrinsic loss tangent, the latter is necessary to make the resonator frequency insensitive to temperature fluctuations which would otherwise mask the effect. The use of a feedback enables measurements for long time scales -opening up the low frequency end of the noise spectrum. In this work we elaborate on the observation of flicker noise in superconducting resonators, and explore its dependence on measurement parameters, specifically the ap plied microwave drive, allowing saturation of resonant TLFs. 
Power detector In refs [7] and [8] other forms of analysis are possible.
II. EX PERIMENT
The sample consists of a 200 nm Nb film deposited by rf sputtering and patterned into 4 fractal resonators coupled to a common feed-line. This type of resonator has been shown to exhibit reduced losses in magnetic fields [13] , which is of great importance in many hybrid quantum circuits. In Fig. 3 we perform a finer measurement of the power dependence than was shown previously[S], this is found to be consistent with our earlier results. We then parameterize the flicker noise by its common frequency metrology definition,
where Sy is the fractional frequency spectrum and h-1 is the coefficient of Flicker noise. In Fig. 3 we plot the flicker level h-1 as a function of energy stored in the resonator, Ws, which is defined as Ws = S2iinQ LPa'f,p/27rvo, where S2iin
is the magnitude of the resonance dip and Pa'f,p is the applied power in watts. The powers correspond to an average number of photons fi in the resonator of fi '" 40 (60) to '" 4000 (3x105) for the 7.04 GHz (4.S GHz) resonator. Performing this measurement on two resonators across two chips we are then able to fit this data to a power law and found to scale as h-1 ex W�· 7 3 and h-1 ex W�·69 for the 7.04 GHz and 4.S GHz resonators respectively. We note both the flicker level and its energy dependence exhibit some temperature dependence which will be fully discussed elsewhere.
III. DISCUSSION
We have shown measurements of flicker noise in fractal superconducting resonators, which are optimized for hybrid quantum circuits and consist of a very different geometry to our previous measurements [S] . The flicker process is important for hybrid quantum circuits due it its relevance as a source [20] , although interestingly other devices are observed to saturate over the same temperature range [21] . By contrast recent results suggest lIf noise in superconducting resonators decreases with increasing temperature, a behavior also seen in recent flux noise measurements on superconducting quantum interference devices [22] .
We suggest the observed power dependence could relate to the probability of a photon being absorbed by a TLF.
This would then imply a further temperature dependence based upon the thermal excitation of a TLF, which was seen previously and highlights the need for more measurements in both varying microwave drive and temperature.
